The application of herbicides or plant growth regulators to crop production is considered essential for the efficiency of the agricultural economy.
The application of herbicides or plant growth regulators to crop production is considered essential for the efficiency of the agricultural economy. 1) For example, chloroacetamide herbicides, such as acetochlor (1) , alachlor (2) , and dimethenamide-P (3), are widely used for weed management in corn production to promote sustainable agriculture.
2) SMetolachlor (4), which is the S-isomer of metolachlor, shows growth inhibition of seedling-shoots and root tissues soon after germination. 3) Agrochemical-related furan derivatives, 3-(furan-2-yl)-propanamides (5a) and 3-(furan-2-yl)propanoates (5b), have been synthesized and found to have moderate phytogrowthinhibitory activity. 4) It has been suggested that the asymmetric carbon at the 2-position of 2-substituted propionic acids such as 2-(2,4-dichlorophenoxy)propanoic acid (2,4-DP, 6b) plays a key role in the root-withering of perennial weeds, because of its significance in translocation of herbicides within plants. 5) Recently, we developed an improved preparation of racemic 2-amino-3-(furan-2-yl)propanoic acid (furylalanine) (7a), 6) and we used the same approach for synthesis of 2-(chloroacetamido)-3-(furan-2-yl)propanoic acid [N-(chloroacetyl)furylalanine] (7b) for the evaluation of plant growthinhibitory activity. We found that 7b inhibited the root growth of rape seedlings by about 51% at the concentration of 1.0ϫ10 Ϫ4 M. 7) As a continuation of that work, we have investigated the biological activity of various N-substituted 2-(2-chloroacetamido)-3-(furan-2-yl)propanamides (16) (17) (18) .
Here, we report the preparation of the acid amides 16, 17 and 18, and the results of examination of their root growthinhibitory activity in rape seedlings.
Preparation of N-Substituted 2-(2-Chloroacetamido)-3-(furan-2-yl)propanamides (16-18)
The key intermediate in this work was racemic 2-amino-3-(furan-2-yl)propanoic acid (furylalanine) (7a), which was synthesized in 77% yield by the reduction of 3-(furan-2-yl)-2-(hydroxyimino)propanoic acid with zinc dust and formic acid in the presence of a catalytic amount of iron dust at 60°C for 2 h. 6) Protection of the amino nitrogen of the furylalanine (7a) with tertbutoxycarbonyl (Boc) using di-tert-butyl dicarbonate [(Boc) 2 O], and activation of the carboxylic acid of 7a using 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide · hydrochloride (EDCI · HCl), followed by condensation with amines (9, 11, 13), provided the corresponding acid amides (16) (17) (18) , as shown in Table 1 .
The reaction of 3-or 4-halogen-substituted anilines with 2-(tert-butoxycarbonylamido)-3-(furan-2-yl)propanoic acid (Boc-furylalanine) (8) 8) give the corresponding N-substituted Boc-furylalanine acid amides (10a, c-d, f-g, i-p) in 37-98% yield. However, when 2-fluoro-(9b), 2-chloro-(9e) or 2-bromoanilines (9h) were used as the amine component, the desired Boc-furylalanine acid amides (10b, e, h) were not obtained owing to the weaker nucleophilicity of the amines. On the other hand, alkyl substituted anilines such as 2-ethylaniline (9k), 2,6-diethylaniline (9n), 2-ethyl-6-methylaniline (9o) or 2,6-dimethylaniline (9p) reacted smoothly with Bocfurylalanine (8) to afford the corresponding Boc-furylalanine acid amides (10k, n-p).
We also selected 2-aminothiazoles (11) and 2-aminoben-zothiazoles (13) as heteroaromatic amines to prepare the corresponding Boc-furylalanine acid amides (12, 14), because we have suggested that the thiazole nucleus is a "magic radical" 9) for high root growth-inhibitory activity, based on the fact pointed out by Yamabe 9) that the thiazole ring is found as a partial substructure of drugs such as bleomycins, 10) used as anticancer agents, and ceftazidime, 11) a third-generation cephalosporin antibiotic, as well as in herbicides such as thiazopyr 12) and methabenzthiazuron 13) used as pre-and postemergence herbicides for crops.
Removal of the Boc group of the Boc-furylalanine acid amides (10, 12, 14) with dioxane/HCl, followed by condensation of chloroacetyl chloride in the presence of triethylamine gave the desired N-substituted 2-(chloroacetamido)-3-(furan-2-yl)propanamides (16) (17) (18) .
Root Growth-Inhibitory Activity This activity was assayed according to the reported procedure 14) using seeds of rape, Brassica campestris L. (Brassicaceae), as a dicotyledon. The root length (in millimeters) of the seedlings was measured and averaged for each group. The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D, 19) was used as a positive control. The results are summarized in Table 1 .
At the concentration of 5.0ϫ10 Ϫ5 M, the chlorine-substituted test compounds, namely N-(3-chlorophenyl)-(16f) and N- (4-chlorophenyl) propanamide (16g), showed inhibition percentages of 30% and 19%, respectively, but contrary to our expectation, these values were lower than the value of 52% of the unchlorinated N-phenylpropanamide (16a). The fluorinated anilides (16c-d) and brominated anilides (16i-j) were also less active than 16a. Thus, introduction of halogens on the phenyl ring of 16a does not enhance the inhibitory activity.
Next, we examined the effect of alkyl groups, which function as an electron-donating substituents, on the phenyl ring of the N-phenylpropanamide (16a). The 2-ethyl-(16k), 3-ethyl-(16l) and N- (4-ethylphenyl) propanamide (16m) showed 20%, 35% and 41% inhibitory activity, again being less potent than the unsubstituted phenyl compound (16a). In the series of 2,6-dialkylated phenyl derivatives with methylmethyl, ethyl-methyl, and ethyl-ethyl substitution, the 2,6-diethylphenyl derivative (16n) showed 76% inhibitory activity, which is close to that of 2,4-D (19) used as a positive control. The inhibitory activity of the 2,6-disubstituted Nphenylpropanamides (16n-p) was in the following order; 2,6-diethyl-(16n)Ͼ2-ethyl-6-methyl-(16o)Ͼ2,6-dimethyl-(16p). Thus, ethyl substitution at the 2 and 6 positions of the phenyl ring of the N-(phenyl)propanamide (16a) seems to be prerequisite for high root growth-inhibitory activity in rape seedlings. It is noteworthy that 16n is structurally similar to herbicides such as acetochlor (1) and alachlor (2) , as shown in Chart 1.
Among the thiazole derivatives (17a-g), the N-(thiazol-2-yl)propanamide (17a) showed 57% inhibitory activity, being slightly greater active than the corresponding N-phenylpropanamide (16a). Among the other substituted thiazole compounds (17b-g), N-(5-bromothiazol-2-yl)propanamide (17b) showed 69% inhibitory activity. N-(5-Nitrothiazol-2-yl)propanamide (17c), N-(4-methylthiazol-2-yl)propanamide (17d) and the corresponding 5-methylthiazole derivative (17e) showed 20-56% inhibitory activity. Thus, nitro and methyl groups did not enhance the inhibitory activity in comparison with the N-(thiazol-2-yl)propanamide (17a) .
Finally, the N-(benzthiazol-2-yl)propanamides (18a-c) showed 34-58% inhibitory activity, i.e., almost same potency as the N-(phenyl)propanamide (16a) and the N-(thiazole-2-yl)propanamide (17a).
In conclusion, application of traditional amidation methodology to the C-terminal and N-terminal of racemic 2-amino-3-(furan-2-yl)propanoic acid (7a) smoothly gave the desired N-substituted 2-(chloroacetamido)-3-(furan-2-yl)propanamides (16) (17) (18) as shown in Chart 2. Preliminary examination of the root growth-inhibitory activity revealed that 2-(2-chloroacetamido)-N-(2,6-diethylphenyl)-3-(furan-2-yl)propanamide (16n) inhibited the root growth of rape seedlings by about 76% at the concentration of 5.0ϫ10 phenyl ring of 16n seem to be prerequisite for potent root growth-inhibitory activity towards rape seedlings.
Experimental
(Boc) 2 O, EDCI · HCl, amines (9, 11, 13), 1-hydroxybenzotriazole, chloroacetyl chloride, and triethylamine were purchased from commercial sources and used as received. 2-Amino-3-(2-furyl)propanoic acid (7a) was prepared as previously described. 6) Melting points were taken on a Yanagimoto melting point apparatus. All melting points are uncorrected. IR spectra were measured on an Avata model 320 FT-IR spectrometer.
1 H-NMR spectra were measured on a Bruker DPX-400 spectrometer (400 MHz) using tetramethylsilane as an internal reference, and chemical shifts were recorded as delta-values.
2-(tert-Butoxycarbonylamido)-3-(furan-2-yl)propanoic Acid (8)
8)
The procedure of Bladon 15) was employed with some modifications. Racemic furylalanine (7a, 15.5 g, 0.1 mol) was suspended in dioxane and water (2 : 1, 300 ml), then cooled to ca. 5°C, and 1 M sodium hydroxide (100 ml) was further added. (Boc) 2 O (24 g, 0.11 mol) was added and the resultant mixture was stirred at 5°C for 10 min and then at room temperature for 1 h. The solvent was evaporated, and the residue was taken up in water and acidified to between pH 2 and 3 with 5% sodium hydrogen sulfate. The solution was extracted with ethyl acetate (3ϫ100 ml) and the combined organic phases were washed with water, dried sodium sulfate and evaporated to yield the Boc-furylalanine (8) (23 g, 92%), which was purified by recrystallization from a mixture of AcOEt-cyclohexane; mp 82-84°C (mp 78.5-80°C). 8 General Procedure for tert-Butyl 1-(Phenylcarbamoyl)-2-(furan-2-yl)ethylcarbamate (10a) The procedure of Bladon 15) was employed with some modifications. To a solution of the Boc-furylalanine (8, 2.6 g, 10 mmol), 1-hydroxybenzotriazole (1.4 g, 10 mmol) and aniline (9a, 0.93 g, 10 mmol) in methylene chloride (180 ml) was added EDCI · HCl (2.7 g, 14 mmol) for the mixture was stirred overnight at room temperature, then the solvent was removed in vacuo, and the residue was poured onto ice and extracted with ethyl acetate. Washing of the ethyl acetate extract with 10% citric acid, 4% sodium hydroxide and brine, followed by drying with sodium sulfate and evaporation of the solvent left 1.6 g (48%) of the crude product (10a). Recrystallization from a mixture of toluene and cyclohexane gave 10a of mp 120-122°C. IR (single bounce ART): 3303 (NH), 1683 General Procedure for 2-(2-Chloroacetamido)-3-(furan-2-yl)-Nphenylpropanamide (16a) The procedure of Sheehan 16) was employed with some modifications. To 4 N hydrochloric acid/dioxane (25 ml) was added tert-butyl 1-(phenylcarbamoyl)-2-(furan-2-yl)ethylcarbamate (10a, 1.65 g, 5 mmol) in a single portion with vigorous stirring. The mixture was stirred for 4 h at room temperature, and the solvent was removed in vacuo to give an oily residue. To a mixture of the oily residue and chloroacetyl chloride (0.5 g, 5 mmol) suspended in ethylene chloride (5 ml) at 0-5°C was added slowly a solution of triethylamine (1.3 ml) in ethylene chloride (5 ml). After the addition was completed, the resultant mixture was brought rapidly to the boiling point and then allowed to stand overnight. The solvent was removed in vacuo, and the residue was poured onto ice and extracted with ethyl acetate. Washing of the ethyl acetate extract with 2% hydrochloric acid and brine, followed by drying under sodium sulfate and evaporation of the solvent left 0.6 g (40%) of the crude product (8a 
